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STARTER DEVICE FOR AN INTERNAL 
COMBUSTON ENGINE HAVING SEPARATE 

ENGAGING PROCESS AND STARTING 
PROCESS 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a device for starting 
an internal combustion engine of a motor vehicle. 
0003 2. Description of Related Art 
0004 Internal combustion engines of motor vehicles are 
usually started by a starter motor which is supplied with 
electrical current from a vehicle battery. Known starter 
motors include a Solenoid Switch via which a pinion that is 
driven by the starter motor is engaged with a ring gear 
attached to a flywheel of the internal combustion engine. In 
the starting position the ignition lock closes an electric circuit 
which causes current to flow through the solenoid switch, so 
that the pinion is moved forward against the ring gear via an 
engaging lever. As a rule, a tooth-to-tooth position occurs in 
which the pinion must be rotated in order to engage in a gap 
in the ring gear. Toward the end of the relay path the solenoid 
switch closes the main electrical circuit of the starter motor 
via a contact, as the result of which current flows through the 
starter motor and the starter motor starts to rotate. The pinion 
fully engages with the ring gear immediately after rotation 
starts. The starter motor thus drives the pinion, and via the 
pinion drives the ring gear of the internal combustion engine, 
which likewise starts to rotate. When the ignition key is 
released the relay circuit is interrupted, and the pinion is 
disengaged via a restoring spring. 
0005. It is known from published European patent docu 
ment EP 0848159 to separately activate the solenoid switch 
and the starter motor via an electronic control device and two 
Switching output stages in order to carry out the engaging 
process independently of the actual starting process. It is thus 
possible, for example, for the pinion to engage when the 
internal combustion engine is at a standstill, and for the actual 
starting process to be carried out only after a start request 
(turning of the ignition key) by the driver. This process is 
referred to as “pre-engagement. In this manner, restarting of 
the vehicle may be accelerated, in particular during start-stop 
operation of the motor vehicle, since the pinion is already in 
the engaged position. However, the early engagement of the 
pinion when the internal combustion engine is at a standstill 
has the disadvantage that the engaging process produces a 
clearly audible clicking Sound when the Solenoid Switch acti 
Vates and the pinion Strikes the ring gear axially, or, during 
engagement, rotates against a tooth flank of the ring gear. This 
is irritating and unpleasant for the driver. 
0006. It is therefore an object of the present invention to 
provide a device for starting an internal combustion engine in 
which the engagement noise level produced by the starter is 
significantly lower, and to further shorten the starting process. 

A BRIEF SUMMARY OF THE INVENTION 

0007. This object is achieved according to the present 
invention by Supplying current to the actuator for the engag 
ing device (for example, the pull-in winding of a Solenoid 
Switch or an electric motor) only partially instead of com 
pletely when the pinion is engaged, and for this purpose 
driving the actuator for the engaging device as well as the 
starter motor by a current that is suitably adjusted, for 
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example by clocking. As a result, the engaging device oper 
ates more slowly, and the pinion advances more slowly than 
when under full current, thus reducing the clicking noise 
when the pinion Strikes the ring gear. The described addi 
tional short-term flow of current through the starter motor 
causes the pinion to fully engage with the ring gear. Since this 
occurs under low current, during engagement the pinion 
strikes the tooth flank of the ring gear at a low rotational 
speed, and therefore with low noise. 
0008. The engagement noise is particularly unnoticeable 
when current flows through the solenoid switch, while the 
internal combustion engine is still rotating and the engage 
ment noise is masked by the engine noise. For this reason the 
Solenoid Switch is activated during a coasting phase of the 
internal combustion engine, for example when the engine 
during start-stop operation of the vehicle has been automati 
cally shut off upon stopping at a traffic light, and the engine 
speed is below a predetermined threshold. The engine speed 
threshold is well below the idling speed of the engine in order 
to keep the wear on the engaging device as low as possible. 
0009 Starter motors generally require a very high starting 
current, which may result in Voltage dips in the vehicle elec 
trical system. The starter motor is therefore preferably oper 
ated by the control unit in smooth-start mode to prevent 
excessive stress on the vehicle electrical system. For this 
purpose the Switching output stage for the starter motor is 
preferably also activated by use of a suitably adjusted current, 
for example by clocking. This type of actuation of the main 
current for the starter motor limits the power consumption 
and thus avoids or reduces Voltage dips in the vehicle electri 
cal system. 
0010. To prevent excessive load on the vehicle electrical 
system, the starter motor may also be driven at a different 
power level as a function of the capacity of the vehicle elec 
trical system. The capacity of the vehicle electrical system 
may be determined, for example, by monitoring the system 
voltage or by analyzing the battery state. If the vehicle elec 
trical system has a low capacity, the main current for the 
starter motor may thus be reduced, or the starting process may 
be completely interrupted. 
0011. The pre-engagement according to the present inven 
tion by separating the engaging process from the actual start 
ing process, i.e., the cranking process, also allows the crank 
shaft, when the internal combustion engine is not operating, 
to be brought into an optimal position for starting the internal 
combustion engine. To this end, the starter motor need only be 
appropriately activated and brought into the intended position 
by the control unit, the position of the crankshaft being 
detected by sensors. When the crankshaft is located in an 
optimal position before the actual cranking, the start time may 
be shortened even more. 

0012. The switching output stages for the actuator for the 
engaging device and for the starter motor are preferably 
implemented as semiconductor Switches, in particular tran 
sistors. 

0013 The control unit is connected via a bus system to a 
further control device which, for example, detects the intent 
of the driver during start-stop operation of the vehicle, or 
determines the performance state of the vehicle electrical 
system and communicates with the control unit. Conversely, 
the control unit may communicate possible malfunctions in 
the relay contact or the Switching output stages for the actua 
tor and the electric motor. These malfunctions are detected 
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via current or Voltage measurements at specific points intime, 
and undergo plausibility checks in the control unit. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0014 FIG. 1 shows a schematic block diagram of a start 
stop system according to one example embodiment of the 
present invention. 
0015 FIG. 2 shows a flowchart of the method steps when 
starting an internal combustion engine during a start-stop 
operation. 
0016 FIG. 3 shows a time diagram of the essential vari 
ables during a start-stop operation. 

DETAILED DESCRIPTION OF THE INVENTION 

0017 FIG. 1 shows a schematic illustration of a starter 
device of a start-stop system for starting the internal combus 
tion engine of a motor vehicle. The starter device essentially 
includes a starter motor 1 having an actuator 2 for engaging a 
pinion 10 driven by starter motor 1, with a ring gear 11 
situated on the flywheel of the internal combustion engine 
(not shown). In the engaged position, starter motor 1 is ener 
gized and the internal combustion engine is thus started. In 
this case actuator 2 is illustrated as a Solenoid Switch, but 
could also be implemented as a small electric motor, for 
example. 
0018. The starter device includes two switching output 
stages 8 and 7 which are associated with starter motor 1 and 
Solenoid Switch 2, respectively. Switching output stage 8 
Switches the main current for starter motor 1, and Switching 
output stage 7 switches the current for the pull-in winding of 
Solenoid Switch 2. For this purpose, Switching output stages 7. 
8 each include at least one transistor Switch, the control leads 
of which are connected to a control unit 6 and are activated by 
same. In this manner, actuator 2 for engaging device (2, 10. 
13) may be activated independently or separately from starter 
motor 1, in particular by use of a Suitably adjusted current, for 
example a clocked current, and the engaging process may 
thus be carried out independently from the actual starting 
process with respect to time. 
0019 First switching output stage 7 is integrated together 
with control unit 6 in a control device 3. In contrast, the 
Switching output stage of starter motor 1 is implemented 
separately due to the fact that it must Switch high currents. 
0020. The circuit shown allows pinion 10 to engage with 
ring gear 11 during a start-stop operation of the vehicle, for 
example when the internal combustion engine is still coast 
ing, after the internal combustion engine has been automati 
cally shutoff. As a result, the engine noise is Superimposed on 
the engagement noise, and therefore the engagement noise is 
barely audible to the driver and has no disturbing effect. 
Optionally, the pinion may also be engaged when the internal 
combustion engine is not operating. 
0021. The engaging process is performed in a particularly 
Smooth manner (at low speed), for example by clocking a 
suitable activation of actuator 2 and of starter motor 1, thereby 
reducing the engagement noise. 
0022. For the case that pinion 10 does not immediately fall 
into a tooth space of ring gear 11, but instead axially strikes 
the end face of a tooth of ring gear 11, pinion 10 must be 
rotated with respect to the ring gear to allow the pinion to 
continue moving forward. For this purpose, starter motor 1 is 
started Smoothly, for example by clocking of an appropriate 
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activation of Switching output stage 8. Slow cranking of 
starter motor 1 also greatly reduces the wear of pinion 10 and 
ring gear 11. 
0023. Upon recognition of a start request by the driver (for 
example, as a result of the driver activating the gas pedal), 
starter motor 1 is driven with greaterpower in order to start the 
internal combustion engine. In this case, the intent of the 
driver to start is recognized by an additional control device 5 
which evaluates various sensor signals for a sensor System for 
vehicle state recognition which may, for example, recognize 
the clutch activation, brake activation, position of the gear 
selector lever, and/or the position of ignition key 4. The sensor 
signals are combined as input variable F. If control device 5 
detects a start or stop condition, a corresponding state signal 
is transmitted via a bus system 12 to control unit 6. 
0024. In the event of an intent of the driver to start, starter 
motor 1 preferably is not fully energized until sufficient 
energy is available in the vehicle electrical system. Other 
wise, starter motor 1 is operated at lower power and the main 
current is correspondingly reduced by Suitable activation, via 
clocking, for example, of Switching output stage 8. This also 
prevents short-term intense Voltage dips which otherwise 
occur when starter motor 1 is Switched on. For determining 
the capacity of the vehicle electrical system, a battery state 
recognition device may be provided which detects the state of 
charge (SOC) or the state of health (SOH) of a battery 9. The 
capacity of battery 9 is then taken into account by control unit 
6 

(0025. The vehicle electrical system illustrated in FIG. 1 
together with all electrical consumers is supplied with elec 
trical power by a starter battery 9. One power terminal for 
each of Switching output stages 7, 8 is connected to a Supply 
line for the vehicle electrical system. 
0026 FIG. 2 shows the method steps when starting an 
internal combustion engine during a start-stop operation. 
Block 20 indicates an engaging process in which pinion 10 is 
moved forward in the direction of arrow A as the result of 
clocked current flow through actuator 2 (a Solenoid Switch, 
for example), and, if necessary, starter motor 1 is started in 
Smooth mode if pinion 10 does not immediately go into the 
engaged position. In the engaged position the teeth of pinion 
10 engage with the spaces in ring gear 11. 
0027. In step 21 the crankshaft of the internal combustion 
engine (not shown) is positioned and is brought into an opti 
mal position for starting. For this purpose, starter motor 1 is 
activated in a clocked manner and is cranked until the crank 
shaft has reached the setpoint position. This is recognized by 
sensors in step 22. In this phase the intent of the driver is 
continuously monitored, and when an intent to start is 
detected, for example due to activation of the gas pedal, after 
the driver's door is opened, or as the result of seat occupancy 
recognition, starter motor 1 is cranked in step 23. As soon as 
the internal combustion engine is running independently, pin 
ion 10 is disengaged in step 24. 
0028. It is also possible for control unit 6 to activate actua 
tor 2 and starter motor 1 in Such a way that pinion 10 engages 
with ring gear 11 before a starting process for the vehicle, and 
even before the driver has expressed a new intent to start. In 
principle, actuator 2 and starter motor 1 may also be sepa 
rately activated in a clocked manner by control unit 6 by use 
of a suitably adjusted current. 
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0029 FIG. 3 shows a time diagram of the essential vari 
ables for a start-stop operation of the vehicle. FIG. 3 shows 
engine speed n, engagement paths, and the current in starter 
motor 1. 
0030 The illustrated start-stop cycle begins with the inter 
nal combustion engine running in idle mode, the internal 
combustion engine being automatically shut off at point in 
time t1 (for example, because the driver has stopped at a 
traffic light). The internal combustion engine then coasts, and 
engine speed n is reduced. Shortly before the internal com 
bustion engine completely stops operation at point in time t2. 
pinion 10 engages with the ring gear, as shown in the middle 
diagram of FIG. 3. At point in time t3 the internal combustion 
engine completely stops. 
0031 Pinion 10 subsequently remains engaged, and as 
previously described is driven for positioning the crankshaft. 
At point in timet4 control unit 6 detects an intent of the driver 
to start, and correspondingly activates starter motor 1. Asso 
ciated starting current I of the starter motor is illustrated in the 
bottom diagram of FIG. 3. After several revolutions of the 
internal combustion engine, it runs independently, so that at 
point in time tS pinion 10 is once again disengaged. This 
process repeats in every start-stop cycle. 
0032. The present invention has been described above for 
a start-stop system, but is not limited to Such start-stop sys 
tems and may also be used in conventional starter devices for 
an internal combustion engine when a separate engaging 
process and starting process are to be implemented. 

1-8. (canceled) 
9. A device for starting an internal combustion engine of a 

motor vehicle, comprising: 
a Starter motor, 
an engaging device including an actuator for engaging a 

pinion driven by the starter motor; 
a ring gear configured to be selectively engaged with the 

pinion; and 
a control unit configured to activate a first Switching output 

stage associated with the actuator and a second Switch 
ing output stage associated with the starter motor; 

wherein the actuator and the starter motor are activated 
separately by the control unit by use of a selectively 
adjusted current to engage the pinion with the ring gear. 
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10. The device as recited in claim 9, wherein the actuator 
and the starter motor are activated by the control unit in a 
clocked manner. 

11. The device as recited in claim 10, wherein the control 
unit activates the starter motor when the internal combustion 
engine is at a standstill, so that the crankshaft is brought into 
an optimum position for starting the internal combustion 
engine. 

12. The device as recited in claim 10, wherein the control 
unit activates the actuator and the starter motor in Such a way 
that the pinion engages the ring gear before a starting process 
for the engine and before a driver has expressed an intent to 
start the engine. 

13. The device as recited in claim 10, wherein the pinion 
engages the ring gear before each starting process in a start 
stop operation of the engine, and before a driver has expressed 
an intent to start the engine. 

14. The device as recited in claim 10, wherein the pinion 
engages the ring gear when a starting process for the engine is 
anticipated by one of an opening of a driver-side door of the 
vehicle a recognition of a seat occupancy. 

15. The device as recited in claim 10, wherein the control 
unit activates the actuator in Such a way that the actuator is 
brought into an engaged position during a coasting operation 
of the internal combustion engine. 

16. The device as recited in claim 10, wherein the control 
unit activates the starter motor as a function of a capacity of a 
vehicle electrical system. 

17. The device as recited in claim 10, wherein the first and 
second Switching output stages includes transistor Switches. 

18. The device as recited in claim 10, wherein the control 
unit is connected to a further control device via a bus system. 

19. The device as recited in claim 18, wherein the control 
unit is configured to detect a malfunction via at least one of 
current measurements and Voltage measurements at one of 
relay contacts and the first and second Switching output stages 
by use of plausibility checks, and communicate the detected 
malfunction via the bus system. 

c c c c c 


